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“'VIDEO: ANIMALS _

Beverley‘Bell,fh

_ Learning. in Science Project,

/ _ .
, University of Waikato,

Hamilton, New Zealand.

a

This paper is designed to be used in association with the

. 1 -
video-tape “Animal" prepared by the author.
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" INTROBUCTION
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In the last two years we have spoken to students about their meaning

of the word 'animql'.

animal than a scientist.

cats to be animals, but not spiders, insects and worms. The reasons they use

N ]

For examplé they consider cows, horses, dogs and.

to classify something as an animal or not, are things like the number of legs,

fur, where it lives and size. But we as adults,'offen use this narrower

meaning in an everyday sense. FQr example; a shop sign "No animals a@lowed",i

cannot be interpreted in the scientific sense if we are wanting to enter and

buy food. How widespread is this.use of this narrower and everyday'meaning

of the word animal?

IS 1T AN ANIMAL 7
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A survey was given to a cross-section of students aged from 5-17, that

 'is new entrants to Form 6

classify a horse, person, a worm, a spider and a dolphin as an aniwél or not.

and 7 biology students. They were required to

To a biologist these are all animals. The graph ihdicates'thé percentage of

students'who also consider them to be animals. More students considered the

horse to be an animal, but'50% or less considered the worm and spider to be

animals, even at Form 6 and 7 level. One explanation.might be that teachers

Most students have a much narrower meaning of the wofd‘
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have assumed that studehts_use the scientific meaning of the word.animal

in classrooms, '‘and therefore have not focused their teachind'on the word

animal.

The Learning in Sc1ence Project has developed a set,of teaching

act1v1t1es to focus on the scientific meanlng of the word animal.

CLASS DISCUSSION

Teacher

"First'of‘all this afternoon we are going .to concentrate on the

- word animal;

animal, have you heard the word before’

Can I have

GROUP 1:

P3 "Yes,“okay ‘then."

‘some examples from you of anlmals°r What things are ... some of

thosé things that we call animals?":
others soine examples
"~ are animals.")
_("Fish.") "Okay. Fine, well we have
thing that animals are, about.

"Okay,/ yes. " ("Cow.") "Cow.

("Mammdls ...") "Yes, any

.. what's an animal to you?" ("People
"Birds."

("Birds.")
got an idea of the kind of -

Now what I want you to do now in your.

small groups, is I've got a set of cards here with a whole lot of

different things an them, pictures.
is in your groups just sort them into

What I would like you to do,
two piles ... those thlngs

which are anlmals, and those things which are not animals. Into

two piles ... animals and not animals.
place a card in a pile until everyone

‘Now I don't want you to
in the group agrees, with

where it's going.

You have got toégef/a/group decision about

whether to. put each of these things-%n the animal or non-animal
piles. Now if you don't agree with the rest of the group, then
say so and you have got to sort it out between you, okay?"

\

.
s

"Pl. '[Takes over leading the group and puttihg caxds in two piles.]

"That one is/not. (Fish) That one, 'yes. (Lion) Tree. (It's .

a plant) Okay.™

P. "We put it over there. Whale." (Yes)

P2, "It's a mammal." _ .

-

P1/4 "Mammals are animals!'!"

!

Pl. "Seagull." (Yes)/
P3. l.'I doh't.think birds~are animals."
P4. "What else could they be?"
~
P3. "Birds."
Pl. "But they'have the same kindwof celis

3

as animals."

O3

o
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P2.. (Gdgng'back) "I reckon fishes are. Do ybu reckon fishes are?"

P3. "No."

" Pl. "We agree that a tree is not. So put that one (the fish) pver there."
- (Separate pile) o ‘ 4 AR '

«

P4. "We'll discuss that (pile) later."

[They proceed to get three piles - those things they definitely consider
are animals, those that they considef are not animals, and the ones that they
are unsure about. We return to the discussion as they discuss the cards fhey

have placed.in the dubious pile:]

- ‘ . |

Pl. "The trock cod." : !
~P3. "A fish."

P2. "But fishes have got cells and that."

.
'

~

Pl. "Yes, I think it is an animal.f —

P4. "But when you play the game animélz vegetable and mineral .;."

3

Pl. "It would come under animal." ) 1 . -
4
P3. "Possibly."

——— " pPl. "Agree?"

P3. "Yes."

-
i

* Pl. "Seagull ... I think birds are definitely animals."

, . \
P2.” "So do I." v

P3. "Yes." ‘

Pl. "Right and a spider ... I think that it is definitely an @nimal."
. C P . ! . " .

P3. "I still don't reckon it is an animal.”
.P2} "What a spider?"

P3. '"Yes."

P4. "Insects are animals."
P3. "I have never thought of them as animals, or insects, they are pests."
Pl. "Oh ves, but I just think it is a smaller anipal."

P2. "Why do we think they are animals?"

\\ -
AN
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P3.

. P1.
P3.
Pl.
P3.

Teacher

" Teacher
Pl.

P3.

GROUP™ 2;

[we join this
the spider and the
the spider. ]

Pl.
P2.

‘P3/P4

Pl.,
P2.
P4,

P2.

Otherg
P1,
P2,
Q
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“these have.

H"They are dependent on belng put there

’ L
are 11v1ng things as in moving,
life but

"All the thingq'we.have got for animals
like plants, they are just 11v1ng ... they have no say in their
"This (spider) has then hasn't it?"

"ves, but ..."

"Iy should be an an1ma1 then."

"Yes . "

"Can you think of some reasons why'you put these in one pile ...
and these in another?"

"Well these things (the animal pile) they have all got ..."

“"A brain." . ' . .

"Like they (the non-animal - plle) have gof-no say in how they. live
just depends on weather condltlons. - '
... but these things (the animal
pile) can think for themselves -+ they can move ... but trees haven't
really got a brain."

"What about something like barnacles? Would they be animals or not?"

"I think they.are animals."

"I don't .;. I don't know.

second grdup as they discuss the. ones they cannot agree about -

worm - they.have just finished with a worm and start discussing .

N
4\
M

"I don't think a épiaer is an animal.
;No." i
"Oh yes ... wél} animgls have .,." . o
"No.... (a spiéer is not an animal." _ o -
"Why not?" /';
. . //

"It's (spider) is type of an insect." | /

- ’ ~ /
"But an insecﬁ'ignén animal." - . ' /
"I;'a fly an aéiﬁ;l? ... Insects are animals."
"Okay theﬁ.": ' - ! : . -

S
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GROUPR 3:

[we join Group 3 who have got a number of cards that they are unsure about

to reconsider. However they have already classified a spider as not an animal. ]

P3.

p4.

P2.

‘P3.
P4.
P3.

p1.

P3.
Pl.
P4.
P3.
P2.
P4.
P3.
P3.
Pl.
P4.
P3.
P4.

Pl.

[They leave this and move on.]

"So do I because it's gét blood and bones."

"Who do you not think this bird is an animal?" . o :
. | :
"Well it's an animal but it is different ... it is a bird.”

"A whale is an animal but you don't just call it a fish do you?"

"But it flies."

"We fly!" . !

y
"No, but is it (an animal)?"
"I think it is."

’

M"Yes, I reckon it is an animal but it is just one of those différent.ones.

\,

like mammals, reptiles and different branches." .. "~ 4 -
"what about a .snake?" "
"Reptile."

"I think a reptile is an animal."

"So is a sbider." i /'

"Yes, but that's an insect isn't it?"

"It's not an insect ... it's another branch ... I have forgotten its name."
"Do you think (the srake) is an animal?"

"Yes."

IIYeS . n

"ded! Now a fish."

"T don't reckon it is." - ~ \

) - . - N
"No I don't know ... put it down for a moment. ,'}
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P3.
P4.
P1.
‘P2,

P2.

v
i

"A worm ... I think a worm is an animal.“.
"I am notlsﬁre." s » ‘ s ' VT
"I don't know." |
"It's. got legs." , : ' . o .

"So has a spider."

B [They place it to one side ... go on to the final cérd, deal with that

‘and then return to the worm later.]

P4.
P2.
Pl.
P3/P4
Pl.
P2.
Pl.
P3.

P4,

P3.

P4.

pP2.
Pl.
P3.

Pl.
P2/P3/P4
\

Pl.

P3.

Pl.

P4.

P3.-

"I would say no (a worm is not an animal)."

'

"It makes you think aye?"

'"Yes (it isyan animal) ."

IINOI. L]

"It is sort of an in-between."

* (To P3) "Why don't you think this is @n .animal?" - .

i

"No it's not an animal ... well it might be an animal but then-..."

(To P4) "Is it an animal or isn't it?" .
"No, I don't think of it as an animal ... because it doésn't look -~
like one."

-

It doesn't have eyes or anything!"

"You think of something like a lion or an elephant ... cat, dog, but

‘a worm ... it lives underground."

"Yes and it eats dirt."

"Trees eat dirt so!"

"It's not the same thing."
"Well what do you reckon ... put it on no animals?"

"ch . n : ‘,‘ '

"Right !"

<

"Rock cod."

"When we were discussing it before someone said it was an animal."

"I think it is in-between this one."
. ) 7 . .

] . ,
"Is it a mammal that lays eggs?"

e



~Pl. "Cods ... do they?",
~ P3. "I think th.ey do. " ' oy |-

o \
Pl. "No ... worms they Just part off ... they just grow longer ... and
when they have bables they just break off."

P2. "Fish don't they hatch eggs?"
P2. "Yes, they have eggs."
P4: ~"I say no actually (a fish is not an animal)." ‘ b}

[They agree to put'it‘on the no-animal pile ... but they then return to

the spider originally classified into the non-animal pile.]

” - ' _ \

P2. "It's an insect ... it is net (an aninhl)."

L

P3. "But s contalns blood and all that ... so ... it's got eyes and it's,
got a mouth. o : '

.
S / Pl. ."Six legs." . . ¢ : -
P4. "It'e an insect and an 'nsect is nLt an animal.'s |
[p3 is most unhappy about pufting the snider in the no-animal pile.] k )
Pl. "Do you agree (it is not an animal) or not?" '
P3. "No, I den't agree." : .
Pl. "We need ; not sure file."

P3. "Okay, well you persuade me that it is'nt an animal then."

Pa. "Well, it's an insect isn't it?"

Pl. "You know in science and that they always class spiders as insects."
) - : . A
P3. ."No they,don't ... they have anbthe; name for them." ~
~Pl. "I have never heardlthem sa; that they are animals." [
P4. "It;§eems too small to be an animgl ... you think'of an aniﬁal to be-large."

P3. "I say you cah get ultra small animals!"
"PlL. "Yes ... cause guinea bigs aren't all that big."
P3. "You can get big‘spidefs!" e
P4. "Not quite as big as guinea pigs;“ \ ) . . g
,[P3 flnally decides the majorlty will have to'rule \ He asks’ each in turn
if they consider the spider to be an animal. All others ‘consider it 1is not, so

P3 throws the spider. card on the non-animal plle.] Co .' o : !

AY




PUPIL'S VIEWS.AND SCIENTISTS' VIEWS

[T

Animals - Not Animals ’ '
elephant . i spider .
frog ' fish

snake . [ \ worm
“bird . . grass

ljon : tree

whale )

cow

cat. . -

boy

\

Fig.

Teacher

" Teacher

27 Blackboard drawing .

"nght now that you've all had an opportunlty in groups to de01de

which’ you consider to be animals and non- anlmals, I have put one

group's results on the board - T want you to have a look at. I

think most groups commonly agreed ‘that these ones here are animals"’

(frog,, snake, bird, 1lion, whale, cow, cat, boy) I think most . \
groups ... all three groups agreed that these- tyo‘were not animals,

(grass, tree), but there seemed to be a bit of ronfusion on those o
three/ there ... the spider, the/fish and. the worm. Which group put. \\‘

‘these in the non-animal pile? -Would you .like’ tb tell the rest of

the class the: reason foﬁ putting them' in there?|"
N 4

"Well the spider is AF insect, and, um, .the worm we generally thought

would be" ‘@ non-animal ...‘1t is sort of too small and it eats d1rt

and that ... it just doesn't seem right to be an anlmal "

»w ’ ’ .
"How did the other groups go about it? How-would you challenge that
statement?" _ \ - :
\ :
"I ... we thought they were anlmals because they have all got cells

and they are living and that sort of thing. It has to be an anlmal." f

\
\ ~

"We décided on, the animals because of the braln ... they all have got

brains &and a mind of their own ....they do what they want ... and the

ones that aren't animals ... whiich are the grass and the tree ...‘they
don't have a brain - they just go how nature intends them to go.

"That s & good 1dea ..._what abo t. the other group'J Why did you put
them in” the animal pile?"

— . v ’ ' .
"Oh wéll I sort of didn't agree with our group But they persuaded me."

-




Teacher .

"Okay, well what were you thinking about?"
P. "Oh, just the same as Glen, that.they are insccts." ‘ "y
Teacher "They're inseccts. So we h%ve got‘quife a few peopleé in the class who
‘ consider these to be not animals? (spider, fish, worm). Does anyone
~know how ‘a scientist would group these? 'If a scientist came along and
put them into two piles ... animals and non-animals does' anyone
know how a scientist would do that?" ..
P. "T think a scientist would be more'inclined'.w, T don't know he would
put them in *hat animals ang nct-anirals etause the scientist would
‘be more indlined to think of the spider, the fish, the worm and that'
in other categories all together." ’
Teacher  "what sort of categéries?" N
P. "WeLﬁ the spidcr is an insect ... but I don't really know because
i q am not a scientist." . - P
Teacher “Aﬁy other views on what a scientist would do with those? 1I'm going
to tell you what a scientist would do. A scientist looks at living
things ... which all of these are ... (things that have been categorised) .
I think most oﬁ\the groups used that term living things g
. kY o7 R
Iy v ‘ ' : ) ) e
R S |
Living ‘Things | - '
A énimals plants !
Fig. 3 ’ ‘
Teacher| . "Very simply, living things”can.either be animals or’plants. Animals
’ ' .or plant®. That's how a scierntist would divide’ them uf. So, would
someone be able to change these two groups here, to do is as a
Vscientist would?" (Referring to Fig. 2).
P. "The grass and the tree.would be the nonlanimals and the rest would )
) " be animals because (neiéher) the worm, the\fish, or ths spider is
a plant.". ‘ : : \\ LT '
Teacher "So these would come-over here?" \
animals not animals .
frog _ ’
elephant spider .
snake .
: e fish Fia. 4 :
j bird 4 v
lion. worm \\\
whale .
grass
cow
cat tree
boy
O ' 'l,v"//~ N
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Teacher

Teacher

l
|
|

[

..Teacher
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‘Another way of looklng at it ... we talk- about a set of thlngs called

/

/

"Does everyone agree with that? ""Does anyone dlsagree°

("Yes‘ u)

11v1ng thlngs. , . .

v

Living things

~

"And there are two subsets ... the animals and the plants ... so,
think .of it in terms of sets and subsets, you can either ... 11ke
to do with maths or you can think of 1t 1n terms of it like that

diagram there.f (Fig. 3)

living things - - ' .

animals

birds iﬁ?ects fish

says you can take livr things and divide them/into two thlngs'...

animals and plants ... but scmentlsts also take the group ‘animals and

divide it up again. So you have got different kinds of anlmals.e Like
birds, insects, fishes ..., you've got your mammals ... like we are )
mammals, so we would be a sepaxate group of animals.  You can also -

represent this in sets and subsets like you do in maths.”
N .‘ .

"Now, a little b;:\aﬁ\igither information, thiélbrher diagram (Fig. ‘8) 'ff

iiving
things




~

\ »_ . ;

'YTeache "Sépwe have got a whole set of living things, we can divide it into .~

A\ ’ ’:.'agimq?s and plants, and we can further subdivide the animals into ™
- smallérnvroups, for example, I have just written a few up here, birds,
' inseqts,gETEHeé;- ou could have mammals, does anyone know any other

groups?" ("Reptiles.") "Reptiles, yes good." ("Amphibians.")
“Amphibians, good .». any others? Fine, so that is the scientists': :
wayJof,SOrting\thiggs @nto groups, and most of ybu got-very close to "_F
that \whén you were ‘doing it in. your groups. ‘What T would like you T
now to do is this small exercise on the sheet heré. I'll hand it out
. and you can share one _betiween the two of you. And you can fill it in _
-~ - as well." - ' ' : ’ ‘

Voo ’ : .

CLASSIEICATION : SETS and SUBSETS

The set of
. - ‘ : /

i

_ Y subset of subset of |
subset of subset of o
‘mammals ' “insects
" EVERYDAY AND SCIENTIFIC VIEWS - : //
Teacher "Now one of .the difficulties #hét I think you had when you were .
. .oxriginally sorting things into animals or not ‘animals; is that there
- +~"are two meanings of the word animal. Two meanings. There's the"

scientists' meaning of animals, in other words animals and plants

. make up living things; and also what we call an everyday meaning of ) _
N _~thie word animals. Aan everyday meaning.  And I.think this is the I B
v e meaning you were using when you were sorting them before. When you. =
use animals in everyday language, you usually think of things like

&,




{ o a cow, dog, sometimes people ... mainly four legged an1ma1s How
i ; many people have seen that sign on the shop,, "No anlmals allowed’"
Yes, so in other words, animals aren' 't allowed in-that shop .o do
.people go into that shop?" ("Yes.") "Are people animals?" (“Yes.")
"So right, if you were to interpret that message as a scientist you
"wouldn't be’ able to go into the .shop and buy things. But if you |
interpret 1t from an everyday meaning,--meaning that we don't bring
in cats and dogs and cows and horses, that leaves you t&iigo in. So,
- there are these two meanings ‘of the word animal. An everyday‘meanlng,
N meaning just|some of those four legged pets and farm animals, and \v
. then there's/the scientific meaning of the word. So when we are in
) science classrooms we have to put on our thlnklng cap, or thlnk‘ln
terms of th& scientist; animals are all of those th1ngs that are -
living that aren't plants. R 3, N

-

Thls lesson may ‘be adapted for primary; intermediate and"secondary school

: students so that they revisit these basic ideas. »

M T
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' Suggested Teaching Act1v1t1es, _ !

Working Paper No. 31;
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INTRODUCTION

—

During the last three years a group of us in Hamilton have’ been stuaying
problems of children‘learning science -If you teach science you w111 know

many children have dlfflculty understandlng 1deas about e1ectr1ca1 c1rcu1ts.

We believe this may be because children come to science lessons w1th ;deas:about
terms like electric current, but.their views are often quite differentuto the
scientists' view. Because of this children often interpret their learning
expcrlences in qulte a different way to that 1ntended, and we as teachers make
ungounded assumptions about children's learnlng and knowledge. 1In this sess1on
what we want to do is to shoﬁ‘you the views that children hold about electrlc
currents in simple»circuits, and to explore a possible teaching strategy thch

h

bullds\on, rather than ignores, .children's ideas. Wenll begin by show1ng extracts
from‘three 1nterv1ews where 11 year old children were asked about théir 1deas
regardX\: electric current in a simple eleetrlcal c1rcu1t. The circuit we

have chosen is a yery s1mple one, cons1st1ng-of just a battery and a bulb.

S
\~

THE INTERVIEWS - . _ - -

The situation under dlscuss1on

»iL‘

R




INTERVIEW 1 - Ross Tesker with Wayne

. N . a . . . -
"I have got a drawing here, where we've got a battery, alright?" ("Hmmm. ")
"And a wire connected to a bulb and another-wire connected to the battery ...
the other end of the battery. The bulb ... you -have got to imagine the

bulb is glowing." ("Mmmm.") "Now what I'm interested to know, in terms

of how -you think\about somethlng like that, is there an electric currént
in the battery?" ' ' g

e}

"Now?" ... ("Hmum.{') "Ah, yes." ' ' . ) : . i

"There .would be. Aan youftellime about that.at'all?"

"Well, there would have to be an-electric current 1n there to get the |

bulb glow1ng. cL , _ ; -
- . \ N

"Oh, I see. Now, what about in the wire here’" [from top of battery to

xi_ base of bulb] ("Yes.") "Would there be one there’" “("Yes.") "an{

INTERVIEW 2 - Roger Osborne w1th Tracey

what about the bulb itself?"
“Umm- ... there would be.'

"There Would be on there too’" ("Hmmm ") "And what about this second .
wire?" [from the bulb ‘to the base of the: battery] o b .
. E R

/ T ’ ’ -

"That second wire .f.”uﬁ ... yes." ("Sa, there s an electrlc current .i."f

“"oh no, hang on ... there s not one in, there. _

"There's not one in this wire?" ("No.") "So, there's one.invthe battery,

one in this wire and one in that bulb?" ("Mmm.") “Okay."
/ ‘ N

<
o

R.

T.

—

"Alright, now the way you think about 1t, is there an electrlc current in
the bulb?" ("Yes.“) "why do you.say that’“ :

"Because the current s flowing from the battery to the, bulb.

"Because the current's flowing from the b&ttery to the bulb ... okay,
so what about this wire here going from e battery to- ‘the ‘bulb, would
there be a current in that wire do you think?" [from the top of the

battery to the base of the bulb]

yes." - ’ o

“iand why do you think that?"

L

P ‘ o I
"Because the current has to go through the wire totget to the bulb.




R.” "Because the current has to go through the wire to get to the bulb.
. Okay, that's fine. . What about this other wire here. Would there be
: electric current in-that wire ....in the way you thlnk about it?" -~
[from the bulb to the base of the battery]

T. "Yes?" =
R. "Yes ... less’sure about that one?" 5 - o - N ) ;
T. "I'm not sure because that's negatlve and that s p051t1ve ....I don't :

know much about it."

.%. "What's that about?" . . . . ./ R .
T. T 'Well the top one's bositive and the bottom oné's negative."'
! hR. ° "oh yeah, where did youllearn that?" ‘ y,
. T. I don't know." [laughs] - : - : -§¢ R BRI
R. "You don't know ... you've just got a feelihg about it? ?Okay, SO you

think there is a current in that wire or ...?" .

T. "I think so."

R. - "You thlnk =o,'ohay .. well if there 1s, how would it compare with
the electric current “in this w1re9" [from the top of the battery to
the base .of. the bulb]

T. ﬂvfIt would be the opposite."’

i "R. ®"The opposite ... show me ... how do you mean the opposite?"
T. - "Well positive is opposite to negative."”

| R. "What do you mean opposite in ... I mean, if electric. current is going
\ from here dpwn to here, okay?" [from the top of the battery to the
base of the bulb] "What would be in this w1re?" [from -the bulb to the
base of the battery] "Would it be going from the battery to the bulb,
the bulb to the battery e ?"

."It should be going from the bulb to the”battery." o ’ v L

"Okay, how does the amount of electric current in thlS wire compare to :
.the amount in this wire?" ‘ . ) : - .
"Should be the same." X"Should be the same.") "Um ... ess, because o '“;‘ff
the bulb uses some." oot o : ' i

. {Because the bulb uses some. So in. the way you think about it there o
would be electric current going from the battery, down the wire; to the L
bottom of the bulb ... right, and then there would be some electric- current-
from the bulb to the battery. But there would be less electric current

~in here than there would be in here “"cause some of it got used up 1n the
bulb." ("Yes M) "Okay, that s fine. Good. ) .

°. | 1Y
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INTERVIEW 3 - Roger Osborne with Ross

;

Rg. ™This is one where we have connected the’ battery up by wires ... you were ‘-
talking about wires before." ("Yes ") “"... to a bulb, okay, and the bulb .
is glowing. Okay, in the way you/thlnk about electr1c current, would .you

. say there is an electrlc current/ln the bulb’" R . o ° .
\ - : ' - '
N Rs. "When ... when ... when there ié ... when the electricity is runningﬂa .
;"2' _ through it ... yes.". : / S
[ . - /

Rg. "Yes, okay, so the bulb is gl/

owing at the moment?" ("Yes.") "so you would "
think there'd be electric current in the bulb?" ("Yes, going through it.")

"Going through it." ("Mmm. ") "Okay, fine, what about this wire here, o
going from the top of the battery to the bottom of the bulb, would there
‘be electric current in that wire?" +("ves.") "Mmm ...-and what about

.this w1re here going from' the back of the battery to the edge of the bulb _Q
“here., Would there be electric current in that wire?" ("ves.") "aAha ... e
why do you say that?" / o . - e
/ : o

Rs. "Well it's a closed circuit ... it's going right round.™

Rg. "nght ‘I see. Okay{ .How would the electric current in this wire
[from the bulb to. the.base of the battery] compare to thé electric
current going frOm/the top of the battery to the bottom of the bulb?
Would it be ...?"/ . o .

Rs. "Um ... well oné of them would be coming out of the bulb and the other
would be g01ng/back in.

Rg. "Sorry,'can yéu explain that to ne. Let's start from here.

- Rs. "well " that’ one say, it could be going ... this ... electric current could
be comlng/out of that [top of the battery] and going into the bulb, and
this one /ould be going out of the bulb and back into the battery." [the
base of /the battery]

Rg. "Oh, okay. So it sort of goes round the circuit like that?" ("Hmm.")

. "How , would the amount of electric current in this wire compare to the
amount of--thé electric current in this?" [bulb to base of the battery]
("Equal.") "Equal, okay same amount of electric current ‘in both wires?"
( "Hmm. " )" "Okay m

CHILDREN!S VIEWS

We have interviewed over 60 children and older st dents about their ideas

. on electric current. We have also followed up these inberviews with paper and

’~penc1l surveys with some 500 ch11dren. What we find out is that while students

soon. learn a closed c1rcu1t is required for a bulb to glow, they could hold a

variety of models about the electric current in the circuit. .

21




MODEL 1

One of the common models, we will call it Model 1, is“the model held by
Wayne, the first pupil interviewed. The electric current 1s from the battery
to the bulb in one wire. However, even though.the return w1re may be necessary

for the bulb to glow, there is no current in that second wire. As one 11 year ©

old put 1t' "The electric current gets used up in the bulb "

MODEL 2

.. An alternatiﬁe model held by:SOme'chiidren is Model 2. _glectric current
flows'towards the bulb from both ends of ‘the battery. As one child says, "The

€lectric currents clash in the bulb.producing.light.” ' .

i

MODEL 3

In Model three, - the scientists' .idea is to be found. The electric'current
is dlrected from the battery to the bulb .in one w1re, and in the oppos1te
direction in the second wire. However there are two versions of this model

as we saw in the last two interviews. Mode1,3A, Tracey s -idea, that the current -

is less in the return.path,iand Model 3B, the scientists' ‘v1ew that the current

has the same value in all parts of the circuit. Ross, the last pupil; 1nterv1ewed,_a ;!

/

" already holds this sc1ent1f1c View quite strongly : !
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How prevalent are these various models? We have attempted to assess this by

N w 4~
(o o

PERCENTAGE RESPONSE .

~—
(-

o

sampling about 100 students at each form level. The sample'oqu2—F4 students
consisted of the full ability range. The F5 students were taking.science, while ;'
~the F6 and f? students were all taking Physics. We°be1ieve these results rrom _

our survey work are conservative estlmates of the prevalence of the non—sczentlflc"
models. Model 1, that is no current in the return 'path, is held by at least one
‘pupil in 20 from F2 to F5. Model 2, that is the clashing currents model, is held
by at least 20% down to 10% of F2 to F5 students Model 3A the;circulating model
with less current in the return path, is held by,at least one pupll 1n every four

T—from-F2.to F5, Flnally Model 3B, the sc1ent1f1ca11y accepted model similar to

model 3A except the electrlc cutrent is-the- same_value 1n a11 parts of the c1rcu1t

/

is held by less than 50% of ‘chifldren from F2 to F5. Of course ‘there” are other—ll,w“;;_*
children who hold more 1dlosyncrat1c views which we have not included on the graph.
What is 1nterest1ng about ‘this graph is the lack iof s1gn1f1cant change from F2 to

F5. Yet, w1thout the Model 3B view of electric current in a simple c1rcu1t,

ideas of conductors, 1nsuldtors, voltage, res1stance and electrlcal energy, must \
be very confusing to students. We might also think about how much the s1gn1f1cant
‘change at the F6 and F7 Physics levels is-due.to teaching, and how much is due

to students who have a scientific_vlew at an early age, opting to-take Physics at

the 6th and 7th Form levels. ) -




-——=—happy—to-give you three. [c¢hil.

TEACHING . ) \, /! ha*.,

.
Let's“now look at a lesson given to these thldren where we try to’ take 1nto

account the1r 1deas, and not make too many unfounded assumptlons about the 1deas

-the children develop durlng *he lesson.

. ' j

‘i) At the beginning of this lesson, chlldren have §imply been asked ' to

observe a bulb closelj. f C . - ' e

3 . o
ii) Here we see .the teacher discussing the children's observations.
r

T. !'Good, Alister, how about a couple from you."
. A. "It has a glass head."
T. "yYeah, something that you can see through. wWhat else, what's inside

there? Alister or.Wayne?"

W. "It has a wire across the pronge."
T. "It's got a wire ... it has two very tHin pieces. And‘}ou.are.caiiing
them prongs. Yeah, and what about ... what else?" ' :
<. !
A. "It has a cylinder with a fat head." B /
T. "With a fat head 4t yes, that's .a good.obeervation.f

1

iii) We now see'the teacher introducing the main part of the lesson.

T. "Bear that in mind, because I have got an interesting little task for you
to do now, and that is with that bulb and with.one of these cells, or
you might know them as batteries, call them cells as well, each group,
quickly I want you to make up a -...some sort of circuit to get the bulb
glowing. Alright?" S :

4

= "Could you get an electric shock?" _ : 4

T. "You have got to be careful ... &0 won't get an electric shock today ...
fortunately ... one has to be care¢ful of course when you are doing anything

en start attemptlng to get the bulb to glow] .
You mlght need two/of you to hafd onto 1t

with electricity. Of course ifizou _want three wires ... I would be quite -

T. "Listen, as soon as you have done that I want you to draw the way that you
have got that light bulb to glow. Alright, draw the ‘circuit on that piece

-of papér I have given yeu, /In fact I think I'll give out another piece '

" of paper so that each indi¢idual can do it. Yes, I want. -you to draw how
you are able to position the bulb, the cell and the wires to get the bulb
glow1ng Each individual ... each person can draw that."

; ' ;:u.



»
1

We Nbserve Zamantfa and Mahoney attempting to get.the bulb to glow. They‘

- Soon réalise by Qatching other groﬁpé thaE they need two wires to get the bulb".

to glow. They,aftempﬁ this by placibg the base of;the bulb on the join of
twb Wires from eéch end of the battery 4'unfortunate1y shortcifpuiting the

battery.

\

\

Mahoney places v~ Samantha holds wires -

base of bglb on _, on the battery.

. d »
the junction.

S. "Ah, it's hot!" N

A : ’ . ‘\\
M.  "Did you get a shock?" .- ' N
S. J"No, it's hot!" '

N\
. | i ' ' s ‘ . N\
' As you can sge, Samantha and Mahoney have considerable difficulty getting®
. the bulb to glow. Finally, with a combination of mimicking other groups and
teacher's help, they finally get the bulb to glow after some eight minutes.

., "Ah, it's going!!"

s.’ "Ah, ‘we did it!"

\ ’
o

They then completed their diaé&am;

Later some of these are put on the board and'discussed.

'\‘1 ‘ . ! '.’\ - 25




iv) We will now move-on to thefnext phase of the\}sséon Where children were

¢

encouraged to think about the ‘electric current in th$ wi;e; s
VT, "Right, so I want ydu to really think ‘carefully now about what we-call
'\ , electric current. Some of you use the terms,as I have gone around,...
force and power, or-electric current ..., in getting that light bulb
to glow. So, I've got a'sheet here and you'll see that I -have beenﬁable‘
to do a diagram very similar to the ones that have been drawn out here,
And I want you to think carefully, each person, about the wires ... I'll
give it out, just talk about it for a while and then you can fill in.your

answer. Very similar to what we have done in other periods ... alright ...

SO you can put those down. We are very interested now in this electric
current.” : : : : : '

? JYOUR IDEAS ABOUT ELECTRIC CURRENT

THE .BULB .
IS GLOWING

; WHY DO YOU THINK THAT?

YES/NO

i YOU . YOUR GRGUP

5 N o S B IS"the.re:"”'an e;éctrié
current in the bulb?

2, Is there an electric

- current in wire A?

3.7 Is there an electric

current in wire B?

Additional questions if

you answered yes to Q.3.

4. 1Is the current in wire ' . |
: B less than the current i
: . ' in wire A? . .

s - \

‘5.' Does the electric
current in wire B go ' ‘ . . N
‘from the bulb to the : 5

Q ) . . ) f ) . .&tteq?\ .-\
RIC | TN Y 2

Aruitoxt provided by Eic:




| g
. . . " , ) \
T. "The first thing to do, is all of you, you can-¢onnect up the.circuit
A just exactly as it' s shown there -and then :there's’'a series of questions.
If you look at the first one 1p.says 'Is there electrlc current in the bulb?’
B And you notice it says the bulb 'is glowing. So you can answer 'yes' or
K 'no' and why do you think that, and you put it in that little square ...
' your reason. And it may be different from the person beslde you, see if
- you can put, in your own words why you think that there is, or there is not’
an electric curreht Ir the bulk, and *hen in Wire A, wvou can see Wire 2.
goes, from this part of the cell, the part that's got the little knob on it, N
" down to the bottom of the bulb. You connect it up and then answer those o
. Questions and-we will see what the responses are.  Right way you go. ) -
--Connect it up just as it's shown, make sure you have got your bulb glowing." -

[The pupils fill in the sheet and then the answers are collated]

T. "Right let's hear some of these reasons. Quickly, for a start though,
we'll just get numbers and we'll hear about reasons in a minute ... right,
how many say there is.a current in the bulb? Hand51g>those who say yes.

‘ Those that say no. Good, right. 11 --1. .what about number 2. 1Is there
an electric current in Wire A? How many say yes? How many say no?:
Right, 11 - 1 and there's a different person there this-time. Number 3 -

“'Wire B - how many say no, ‘this time? How many say no? .9 - 3. If you
answered yes, and we have got 9 who answéred yes, is the current in
Wire B less than the current in Wire A? I am only 1nterested/1n the 9
who answered yes to questlon 3.° Hands up those 9 who said yes “Eo—
question 3. 1, 2, 3, 4, 5, 6, 7, 8, 9 ... good, okay, now keep. your

" hands up. Now if you answered yes, you 9, to question 4, keep your hand
up, if you didn't put your hand down. 1,2, 3, 4, 5,6, 7, ... good,
“thank you. And therefore 2 answered ro. And question 5, again only for
those 9, does the electric current in Wire B go from the bulb to the
battery ... how many say yes? From the bulb to the battery? 3. And
therefore 6 say no it's the other way around. Good let's go back to.the

reasoning. v : . o o ‘ -

i ) : Blackboard Summary

' YES NO 7. '
Q.1 -~ 11 . 1
4 ‘. v H\ ' .. . '
Q.2" E N N . ‘
. . . \L/ ) . ‘
0.3 .9 3
0.4 7 2
0.5 3 6

f;‘ e A
B /i a - N .




v)

vi)

"I put ng ...f

[The reaeons are now discussed. Discussion for Q.3 follows]

[

"Alright, I think three is a more interesting question here. Is there an-
electric current in Wire B? Three people said.no here, where are the
three so we can get the1r reasons. Right Alister." . i

"Um ... there is nothing going through Wire'B from the battery ... 'cause
most of the power is going through that,side of the battery. And not this .
side." ’ - - -

2

"Ah ... it's going from one side through to the bulb and there 'S nothlng
coming through the other-side. vYes, and what about you? Wayne’"

/

Out of the discussion the modeIs.we-discussed earlier emerged from the

" children's ideas. These models were put on the board by the teacher.

"by teacher

"VYery good to hear your different opinions, and I think there's about - '
three different ways in.which you people are thinking about electric current‘
and I want to put some diagrams on the board, and you think about the

way you see an electric current.. I think some of you are looking at what
I'll call Model 1. And ... now we have got our cell here, or battery,

we've got a'wire going to the 1ight bulb, and what we are Saying is there s
an electric current in there . .the bulb is shining, this other wire,

 well 1t s there but there S no electrlc current coming through it."

Blackboard drawing :
by . teacher ; MODEL 1

- ——
\\——_-—’

s

"'Some-of you others are th1nk1ng about a model like thlS. You ve got

the cell, you 've got ‘the 11ght bulb there, you have .got the current going
from the cell to the light bulb you've got the. other current golng from
the other end of the cell to the light bulb right, and they mix and the
light bulb shlneq. So that's’ dlfferent from Model 1.

Blackboard drawing} : MODEL 2

"And there s others of you what I. w111 -call the third: model You 've got

" a cell, and you 've got the light bulb there, you've got two wires, and the

current's going from one end of the cell to the light bulb, this other
current flowing back in the opposite direction from the bulb to the cell.
Some of you have-got the idea that, I think, there's not as much current
there ... some of it's getting used up. . But the idea is that 1t s flow1ng
around in a 01rcu1t and that's’ dlfferent from number 2.

- : m )
o Q:)
.-\\




. 1

Bl ' '
ackboard draw1ng MODEL 3
by teacher ) ’ ‘
4  T. "Alright, can you see there's a difference in those three models ... Now.

- I want you to write down which of the models you think is most like the
way you think about electric current in a c1rcu1t. Alright, so can you
_but down a number 1, 2, or 3." ’ '

[Pupils choose which model they prefer and results collated. ]
- {wayne chooses Model No.l. 1

.

Model Number Choosing the Model

_ 1 . 1 ' ' ’ .
3 M 6 A . _
T. "Well, let's have a look at some of the reasons. Someone who chose

. number 2, for example,.that seemed pretty popular. What's your way
of thinking about electric current there? Alister, you tell us."”

‘A. . "Well, when we got thé wires we put one wire on the bottom of the )
battery and one wire on the top and then we had the bulb there ... - ’
and when we had one wire connected it wouldn't go ... [attempts to
demonstrate this] :;. pretend that's joined ... it wouldn’t go, so

~ we had to put another.one on, and put it on ‘the end to make it go."

T. "So you think there was more current coming through to help make the
bulb glow?" ("Yes.") "Yeah, who else has got that idea? . Cancyou explain-
that in a slightly dlfferent way ... Paula?" S

" P. "Well they are sort of llke he is ....but you have to have the same

amount of..current." . ) .- - S : .
T. ‘"The same amount in each of these two wires ... right ... the same amount
' . comes in and it makes the light go ... ithey mix do they, in the light
- " "bulb? ... [Paula nods]. Tracey, what's your 1dea about it? You voted

I think for model number 3."

Tr. "Because the current you need both wires, so that the current can go .
bdck to the battery, ‘but starts at the battery, ‘and goes to the light bulb
and then goes back to the battery L »

T. "Ross what's your idea?" . , ) - .
R. - "Alister said that .you need two w1res, well you can only have one..."("Yes.")
. ... because you put the bulb and thé ... plus ... and you put ... the wire

around the bottom ... and connect it to the bulb, then it ‘would go." =«

v !
Tt




"Yes, I think you had this idea?" ' _ - | . -

b

[Blackboard drawing]

by teacher

R. "Mmm ..."
T. "Like that isn't it? Yeah, so therefore one wire, can get current 1n'1t?
Is that ... does that léad you to think about Model number 1l or not?

Or are you sticking w1th model number 3?

R. "No ... No.3."

T. "No.3 ... but you can do it with one wire?" B
- R. "Yeah." : ‘ ?

. . ) . S

T. "Um,.yeah, what's your idea &bout the amount of current there? Do you '
think it's much the same or do you think there's a bit less?" . : '\ :

. . ¥
R. . "Um ... yeah, it's the same." . AR . ‘
. _ . ; e
T. "It's the same." . , . - o - -
) . 8

vi) Teacher led 1nvest1gat10n to test pupil's models. The teacher uses an

ammeter (currént measurer). Needle is vertical for' zero/current When

a,current flows through the ammeter the needle deflecti/to the left or
to the right depending on the direction of the current. How far it.
deflects depends on the size of the current.

T. "well, I think it's fortunate that we can show this. I have got a piece
of apparatus, so we will set this up, we arE going to do it just like you,
", except that we are using. a bulb, a cell holder here, we can fit a cell f,

in- there just as TI've done, and also you can fit a bulb into this, what's
called a bulb holder, and we've made a circuit. Now, look at it from the |
top of the cell, top of the cell, top of the cell, [relates to the 3 draw1qgs];_*
- goes through to the bottom of the light. . Then, this yellow wire goes v
right round from the other side of the light back to the bulb ... to the
cell, So there we are, we've got a complete circuit, "and the bulb's
‘ shining.' Just as;you did-it isn't it? Now what we are going to do is
' ook at the amount of current in the two parts of the circuit. And we'll
//?——\\/ see which of these models seems to hold up. Alright? So, "what we are gO}ng
- ' to do ... this is a piece of apparatus called-a current measurer, and I'v
! just broken the circuit and we are going to put in one lead into each section
of this current measurer and what do you read there, ... Samantha?" ("Twgl.")
“Yes, two, or p01nt two isn't it ..: so there's point two of current, 901ng
through that circuit. Now you notice the needle went to your right dldn;t
it? What do you think would happen if we turned the terminals here? Yes,_

¢

~what do you think there Wayne?" ‘

W, "Well it would go the other way." ce . ; . t )4

» N . . ) . .
. E . . N .
. : : S, . : M . _ / R

o
\

[ERJ!:‘..~fh‘-. r‘ | : .>u. ;Q" 1 ;. :3{7;4;17" L ..;,{r,ﬂehg-ﬁz-f. ?j‘;//‘jf;

Aruitoxt provided by Eic:



Armeter reads 0.2 ‘Terminals reversed " Ammeter reads 0.2 <

v ™

T. "alright, let's just check that. So we'll change the.terminals around and ...

Tl

yes, you're right. BAren't you? It's gone thé other way ... let's go back
to the way we had it ... just ... there it is ..._and we're getting a

current measure of'point two ... alright is the bulb st111 going?"

o 7T

> “ L

Class "Yes."

T. "Yes, it is isn't it? Right, let's go over- to the. other si Y6 of -the c1rcu1t
Now aga1n,§we just break this and ... we are going to put” one 1n there and
one in there ... and what do you notice happens? ‘ : . '

’ . . .
. . . ..

Class’ "0.2 ... it's the same." T _ S : o
. . i 1 2P ,% .

T. "It goes up ... it's the same., It's the same dlrectlon 1sn3t it?
It's moved to the right and it's the same amount. So from this, which
model do you think seems to be the one that holds up? Yes, Wayne’"

, W. . "Number three." ) . : , ’ '
T. "Number three. There's point two current going- through'-the pbulb and there's . L
point two coming through in that same direction 1sn 't it, comlng back. to :
" the bulqb : CoL : o -

If's not easy .to change puplls views. as you have been able to see, and we -

have had a Jlot going for us: an this. lesson «We ve. had a smaller group of - chlidren
than. you norma‘ly have to ¢cope w1th in a classroom. We've had the'use of an °
'ammeter , If you are 1n an Intermedlate school, then perhwps you could borrow
- an ammeter llke this from the local secondary school, if you want to try and do
the thlngs that we. have been dolng in this lesson. But more 1mportant1y than
all that we hope that what we 'we. talked about encourages you to flnd out the

views the children have, and in teachlng attempt to build 'on those views.

s
. \
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_ ADDITIONAL NOTES -

. 1. In retrospect,we see flaws in our teach1ng and no doubt you do too. What ve
hope might be achleved 1s that you will say. to yourself,'"Yes, I could do
_ that" and perhaps "... I could even do it better than thit." We hope
you Wlll then take up the challenge.
2. _ Whlle we have managed to confront ‘¢hildren who held Model 2 v1ews'so that
‘they accepted the Model 3B views,. these children then had a number of questior' .
which we have not dlscussed in the video tape sequence. ¥ For example, )
if the same amount of current goes back into the battery as tomes out,
how is it that .the battery wears out? ' [The battery is like a pump and it runs

out of energy!]

3. -  While Wayne changed his Model 1 view to the Model 3B view and thlS was
born out by a subsequent 1nterv1ewﬂ th1s new view of the battery—bulb
.situation does not mean he changed h1s view about other situations. '
Confronted in ‘the 1nterV1ew with the s1tuatlon shown below he reverted
to h1s Model 1 view in dlscus51ng this s1tuatlon, presumably because ‘the '
return path was not obv1ous

batteries

MODEL OF A TORCH
The ,torch. is switched on and the lamp i glowing.
X\ . . ’ " X . ) . : ’o

*.[NOTE: _In this situation the torch cdse providés the return wire]

& ’ . s ' - . ] :

N

4. No attempt was made in this lesson to discuss conVentlons about current

flows (e g. conventlonal flow or electron flow) Most students seemed - e
to .be happy to suggest the current circulates from the top of the battery._

Oof course /e have no evidence for this and it cnuld -équally well tlrculate;

;1n the opgoslte dlrect_on (indeed electronsvdol). However the’problem ‘

' : .wasn't raised and it seemed to us not an-essential point to discuss at .-

G

-

this stage (with 11 year olds)-.

5. * For further 1nformatlon on. chlldren 'S views on e1ectr1c current refer

o Osborne, .(1981) Chlldren s Ideas about Electrlc curlent '. L

ERIC ' n.z. 'science Teacher, 29, .12-19. /' ', * < R AT
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INTRODUCTION

Why does a golf ball move through the air in the way that it does' ?
Both physicists and children would agree that there is a force on the bail.

But do physicists and children use the word force in the same way ?

We have been investigating this and the implicatibns for the teaching

and the léarning of science.

IDEAS ABOUT FORCE

Scientists' Ideas: First of all let us consider what scientists mean when

they talk about the force on the ball. . Force is a simple idea to a
physicist; basically a push or a pull acting on the ball. Unfortunately
with the golf ball the forces are invisible. However there are two forces

-acting on the golf ball.

-

First of all there is the force of gravity always pulling the ball

downwards. -

———— —

Air
Resistance ~ -
' ~

' -

- Gravity

N

. ’ /- » ’ :
The ball moves, through the air in #he way that it does because. of

these two forces acting on the ball. : ) . R




J ' : “ : i

Children's Ideas: Now let's-consider what children mean whenﬁfhey talk

about the force ‘on the ball. Many of them don't think*about d&r resistarce

the air in the way that it does, is the force of thée hit on the ball.
e : ‘ X '

/ . . /"
g The forcé of /i ’
: the hit on. CTQZ,
’ o the ball Y/
, - Lo o

- i1

. " a : /! ’

| Both physicists and children talk about the forééion the ball but as
you can see they are talking about quite différent t;&ngs. Physicists
don't talk ‘about the 'force' in the direction of mo%ion. ' When the ball is
hit by the golf club then there is a force on the 9?11 just while it
remains .in contact with it [the golf clﬁb],' “The ﬁall gains momentum and
it is the momentum that is in the ball. ,Physicigts don't think of momentum
as a force. . : ‘ e

=

~ Let's go and talk to some children to see,how~they talk about the

force oﬁ the ball and we will see them talkind‘basically about this force
[the force of the hit] which bhysicists don't copsider exists !

INTERVIEWS ' )

-, .. The situation under discussion is one of a set of situations.

i

i ’ ) /

GOLF BALL
LO
-~
~ /%f
. ~
-~
-~
e
~
. g
—r -~
Iy A
“ IS TﬁERE A FORCE ON THE GOLF BALL?

S . 3 :3£3
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Interview 1 - Roger Osborne with Mark. N
R: "Now here is a golf bald. Someone has hit if off the tee here ...
it is going up in_the”’ air ... and at the moment it is just up to
that point . there [p01nts to the golf ball in the plcture] In

the way you think about force would you say that there is a
force on the ball ?" .

M: "Yes, ... because]it is made to do ... it has been hit by the
club and it hasn'/t really got any option."

R: "It's got no option."
M: "Yes it starts going up." :
R: "0.K. Is there a force dn it when it is up here 2" [up in the
air) . : .
M: "Yes because it can't stop."
R: "It can't stop_...”ah‘ha.“ ' =
Interview 2 - Roger Osborne with Carol.
R: "Here is a golf ball. There is a person hitting the ball off

the tee here and the golf ball at the moment is up at that point .
here. Now the question says is there a force on the golf ball ?
It means when it [the golf ball] is there [1n mld—alr] going
through the air would you. say that there is a force on the golf
ball 2" . v : : -

C: "Yes ... I think so."

R: "Can you tell me about that 2"
C: "He has just used force to hit the ball ‘and it is ‘still

travelllng

TIEACHTNG ABOUT FORCE

-

The scene opens with the teacher taiﬁing to the pupils, aescribing

N

the golfer and the golf ball situation used in the interviews.

N -
N .

?ﬁ _“Thls is a man, there, with-a golf club in his arm, and .there
is a ball right out in the air and the questlon 1s-*'Is there
a force on the golf ball ?'"

}

1

How are we going to modlfy chlldren s 1deas towards the views ¢i-
scientists ? We have been working on ‘this problem for over a yta“ oW,
With all our ‘work on modiinng~children's—ideas we have found it essential
to’allow’children to first- clafify their own individual'views usually with

a worksheet ‘Once children have done this they will later be able to

reallse the confllct between their 1deas and those of. s01entlsts, and to
S ;,‘
realise the need to change_thelr v1ews, . . At
- . / . . -

R £3~1 ~ .
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[glVlng out w0rksheet] just for the first couple of minutes it

is your own opinion rather than you and your neighbour's (that

you should write down).

Let's have a look at the worksheet they are completlng.

bl

iy ¥ _
) o YE3/ WHY YOU THINK THAT WAY
GO%;IMLL "
[ J ¢ /
L4
- e? ; N
."
[ 4
h . \Qp
« s o ON THE GOIF BALL <% .
. ! '_m,«’
GOLF BALL
., FALLING FREELY

‘s o o O THE BIKE ?

THE BOX IS
NOT ; KOVING

.. .08 THE DOX?
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After the pupils have [individually] completed their sheets the lesson

moves on;

.

T:  "Now we are going to have another couple ofpminutes when you have
got to convince your partner, ... the person you are sitting
be51de, that your response is the more sensible one ... if there
is a difference or if you are saying much the same thlng,of
course you agree. You will notice that in the next column [on
the worksheet] there is "your group” so that all I want [wrltten
there] is a brief summary of the way that you two think about

‘where there is a force on the ball, or the bike, or the box. "Sq

by all means talk ... about what you have written and come up with

a consensus or common view ... right. 'Just a few minutes on that ...
not too long."

The pupils discuss their individual answers in pairs.

M: "[re golf ball falling freely] if it had no force on it, it would
just drop straight down ... there still has to be some force on
it to make it go along ... "

After the pupils have discussed their ideas in pairs the lesson moves X
. , o, : !
on to a class discussion. ' , 4
T: "Here comes the interesting thing where we see what are the
- opinions. For a start I think we will just gef{f a Yes No count
! just to see ... then we will look at reasons." -

Teacher records the hand count for the four situations on the blackboard.

Yes No
1. Golfball (up) - 12 0
3. Bike . 10 2
4. Box | . 7 5
T: i "Right .h.)we w1llvprobably spend ‘a little more time on the last

‘ones but . flrst] what: are the reasons here for question one. Is
thére a force on the golfball? Let's.just have some of your
reasons., nght ul ., .." " Co

"P:  "Um ... when the club sw1ngs through it is going thlough with
speed and when it hits it has got force behln@ it ... and 1t
! forces\\ge ball into the air."

"ves, Mark 2"

: ‘"Because the ball is belng made to move by being hlt with the
4 golf club."

T: "The ball’ 1s'being made to move, yes. ' Now who has got something f
.~ different .., has got a different way of expre551ng 1t Yes ... i
. Judith.," . '




T g I
J: ?He man had human force in his arms'when he hit the ball so that o
. Has put force into the ball." »

T: "Yes ... who has got something different ? No one ? How about
reading out yours Marie ... what have you got there."
Ma: "I have got ... he forces the ball because for the ball to travel ) )
it must be powered by something." . '
Ts "It must be powered by something ... and what is that something is
it a\force." ' ,
Ma: "Yes X.. the man hitting the ball."
T: "The mah hitting the ball ... all right and Carol what are your ... " /
"Um ... Decause the ball is being made to move ‘there must be some /
. sort gf force to make it move." : , (
Ts Y... to make it move. And that is the same when you are lookin .
at the ball '+ «+ right out there [away from the tee] the ball is
. moving ... you are.saying there is a force on -the ball." , .
. Ct, . " '
"and  "Yes." s
Ma: ‘
T: ™Right." \
\ .
A Series ofi.Lessons: This introductory lesson is the'firet of a series &f
lessons, we have designed, to introduce children at' the 10-14 year old level
to the physicists idea of force. .. SR
'
» The Booklets: From all this work the LISP team has produced two booklets -
~which you may find ‘useful. The f1rst of the§e booklets, "Force, friction
and gravity : Notes for teachers" (LISP Workirg Paper No 33)! ,. starts with
a Survey:to enable 96ﬁ to see if you have a child's view or a scientist's
view of force. It then describes the child's view of force and explains
the scientist's view. We believe this informati%n.is essential for teachers
'Hff they are to teach forcé effectively.
The second bocklet, "Teaching about force® (LISP Working Paper No 34) .
sets out the teaching strategies we have designed. ., The introductory lesson ’
we have been watching, is the first in a series of lessons that we suggest.
Once children have clarlfled the1r own ideas and found that differen en
use the word force in different wayg\w\ then introduce the idea of momentum; ;
the correct scientific label for this "something” that is in the direction
L o

LISP Working Papers aLe avallable for the cost of reproductlon and. postage

from T.0.R. Centre, Hamllton Teachers College, Private'Bag, Hamilton.
& ‘
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‘of motion. We therefore glve a label to the: children for théir 1ntu1t1ve

. conv1ctlon that there is this "thlng" mov1ng the ball- through the air. - We -
then emphas12e that momentum is not a force. In @pe suggested lessons, we
then Lntroduce puplls to changes in momentum and how these changes are 7 :
gaused by the total force on an object. In this way . the lessons attempt to
build on, rather thangignore} children's‘ldeas.

i

/
REELECTION

;ﬂ? How - successful are the teachlng strategles which we suggest ? There 1s
no simple answer to that, Judglng from our pre and post—test data . » What

\. we can say is that teachers who have used this materlal many of them, ‘say 1

// that they will use it again next year. " what we can also do is give you a
‘// ' gllmpse of, our successes and our fallures. We will show you exCerpts from
/ two 1nterv1ews of children who were taught us1ng this teachlng strategy one

month prev1ous1y.

The Interviews: The pupils you saw earlier were at secondary school, these

children are'at intermediate school.

The situations under discussion were: - . oo o .

' : “'GOLF BALL FALLING
GOLF BALL

o : o. FREELY
g NG
- g -~ =
-~ o . . ™~
;><: : R A R
- // AN
. - ) : ' AN - &
. N7 SN o=
IS THERE A FORCE ON THE BALL ? IS THEﬁEtA FORCE ON THE. BALL? §§§§

Interview 3 - Roger Osborne w1th Kevin.’

R: "Here 'is a golf ball ... the golf ball has been hit from a tee ,
- and is up in the air ... it has got ‘to the point there ... &.K. .
[p01nts to the pos1t10n of the ball]. . Now in the way you think
about -it, is.there a force on the golf ball now 2"

K: "Yes." . . Coe

- . R .
. i - .
o - . - ) AN o g

2 fThis informetion is to be found in LISP Working Paper No 32.

-
.
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R: -"Hm Hm ... Can you tcll _me about that ?" _' ‘ '_; .

. Kt - "Gravity ... there is no force from the golf club because itsis
"up here and it has been hit." . - *
R: "0.K. ... now what about when it is on the way down and it has
got to there " ‘ . _ o : . .
K "The force of gravity'again." o i ' . T : ”';f
R: "The force of gravity again ... O0.K. fine ... How long ago was . . )

it that Mr. Schollum came and talked to you about these things. ?"

"K: "It -would be a month or so."
3
- -Interview-4 - ”Roger Osborne with Susan
R: . "Here we have got the golf‘ball*.;. the golf ball is up in| the

air ... we are going to-talk about the golf ball when it is up
. there O0.K. ... 1Is there a force on the golf ball ?"

S: "Gravity pulling it downwards ... and the force of the hit ... -
¢ no there is not the force of the hit ... because ... oh yes the
' force of the hit ... and ... " . - :

: ' "So which way is that one. Which way is the force of the h1t "
"That way [glves direction of ball's fllght]

"Yes gll
"Um ... I can't think of.any more."
"Can't think of any more .. " L -

: "I'm forgetful."

WV oW onow n ow

: - "You're forgetful ... O.K. we are all forgetful ... we are all
forgetful ... Here is the ball on the way down ... what forces
are on it now ?" :

>

0

"There is gravity pulling it downwards."

R: "Yes ... gravity pulling it downwards." 7

S: "... and an upward.one to make it boﬁnce up."
R: "Well I want to talk about it when it is there [Stlll up 1n the alr]

S: "Oh ... there is grav1ty pulling downwards and there is Stlll a
llttle bit of the force of the Rit 2"

" R: "Still a little bit of the force of . the h1t ... which direction

would that be 2"
~

"That way [points in direction of motlon]

"0.K. ... That's all 2"

.

"YeS." . \

o0 om0

"0.K. That's very good ... the only thing ... just ... can I talk .
to you about the force of the hit because'you said to me ... there
is the force of the hit on it ..z O there‘lsn t the force of the ,
hit on it ... Yes ... there is.a force of the hit on it ... can : v
you tell me about what you were thinking about there 2" |
" o S
\ . ) § v
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S; “I-think the force of the hr . Mr. Séhollum ... I think he' /

" . . told me that the force of the hit stops the imstant the golf. .
g élub touches ... doesn' t touch - the ball."” , S (“> '
, R: “After it has been hit." o .
2~ S: "Yes, I think." _ |
- ' R: "You think ... but that 1§k29t the way you think about 1t ? or
N , that is not the way you thought about it before [pupll shakes
<5'J>?~ 'head] you like to thlnk of the force of the hit in the ball:;"
" '
st "Yes.

Ra" "Yep...'o.x.". I R -

L
‘As you can see by these interviews some chlldren will modlfy their v1ews

but others, while acceptlng that there is another perspectlve still find .it
more sen51ble to think about the situation in their own way; at least for the
Present. ‘ .

X

I thlnk we' hdve to accept that, leav1ng both our own 1ntegr1ty, and.the

"

chlld's 1ntegr1ty, 1ntact r -

‘We certainly don t see our materlal as the last word on teachlng about.
force. We hope that if you try the materlal you will certalnly experlment

with it, and 1mprove upon it.
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SCIENCE ACTIVITIES

’

. “MAKING SCIENCE ACTIVITIES MORE MEANINGFUL

- . . -

. INTRODUC%ION

Over the past three years we have observed a large number of chlldren

1nvolved 1n sc1ence act1v1t1es in typical classrooms This. has enabled

" 4

/me to s1t alon951de children and by llstenlng to what they say and observ1ng

//what they do galn insights into their world and ways of thlnklng.. Inslghts

whlch the respon51b111t1es we normally have as science teachens prevent us

from fully apprec1at1ng. What I d1scovered was a considerable gap. between
7
where we, as teachers assume our pupils to. be. and where they actually are

in terms of thelr th1nk1ng about science act1v1t1es .

In thls video we: conslder a lesson where chlldren .are being 1ntroduced

to'the ideas assoc1ated with the dissolving of a crystal in water. - e .
¢

oy . .

We Wlll f1rst give you some 1n51ght into chlldren s v1ews about what

happens when a crystal is dropped into water. We then show an act1v1ty ; ,;f
involving the" dissolving of crystals 1n water, which is frequently used in ’
3rd form classes .to help pupils gain some understandlng of the part1c1e
nature of matter’ Unfortunately, as we will ‘see, the lesson makes unfounded
assumptlons about the 1deas ckRildren bring with them to this lesson. Flnally
we show an alternat1ve approach to the- same lesson where an attempt is made

- to take the chlldren s views 1nto account.

CHILDREN'S VIEWS o ' ' :_' o

AN . ¢ »

We have listened to many children discussing what is ‘involved when a
crystal dissolves in water. Their_dOmments make clear that a humber of

non-scientific ldeas about this process are ,both widely and-strongly held.

‘One idea relates to the colouring that is apparent when a toloured
crystal dissolves in water. For many pupils, the colouring effect is not
t due to the -particles of the crystal spreading out throughout the waterL
But, is in fact due to the colouring escaping from the crystal as the structure
breaks down, Three typ1cal views that we have- found chlldren use to expla1n-
what happens when a Condy's crystal is dissolved in water are exempleled by i"]

‘the following three pupil statements (Turns to blackboard and reads)

. -F;v .‘1€;.:;




S ' pupIL 1 o S

"The Condy s crystal slnks to the bottom and - the. purple-
colourlng in. 1t is slowly squeezed out by water pressure.'
Th1s view is rather llke the 1dea of a:sponge full of colour1ng which
7@ being squeezed to allow the colourlng to escape. The structure of the f‘
sponge is unaltered except for the fact that it reduces in size.

BUPTL 2

. “ "Purple particles of Condy s crystal go into the water as the
. crystal breaks up mak1ng the water ‘look purple. "’

The 1deas 1nherent in this view are s1m11ar to those of the sc1ent1st.,

PUPIL 3

"Part1cles of Condy s crystal go into the water and allow
the purple. colour1ng to escape from inside the crystal into
the water."

The ideas in this view, llke those contained 1n the v1ew of Pupll 1,

see the colour1ng as not a- property of the trystal structure.

Our. experlences suggest” that some '50% ' of puplls in the Form 1lto 4
range, hold a type 1 or type 3 view. A view that has’ the colour1ng as .
. somethlng that is quite’ independent of the crystal structure . Pupils who

hold this kind of view would seem unllkely to be 1mpressed in the way

)

'we as science teachers would expect them to be, by dctivities which involve
d1ssolv1ng. Espec1ally'where the 1ntent10n is ‘that the. act1v1ty is to g1ve

them insights into the behav1our of part1cles . oo

‘{ 3 . -

oL ' o : v '
TYPICAL LESSON S

‘Teacher: (look1ng at 1nstructlons and information set out -on the blackboard)
"Today we are going to look at a piece of .work, it's actually .

an experiment that you'll be doing and it"s related to investigating
the behav1our of part1cles. (Turns to class) Who can tell me //‘
something about part1cles .- . Something we have done in the past?

. Tracy.” ‘ of ’ -

K

Tracy: . ."They re small p1eces of someth1ng bigger."

Teacher: '"They re small pleces of somethlng b1gger ... yeah, I think that
' " not a bad descr1pt10n.

- Yy

IS o [

Robert: fPartlcles make up somethlng "

Teacher: 'They make- up someth1ng ... 0.K, well I think thatls_p,rhaps all
<. r, ‘we meed to think of at this moment. Particles are small bits of
something :C. they're th1ngs that make up something ... Now today
what we are going to do is have a look at the way particles behave
and we are g01ng to use COndy s crystals to do th1s. Now Condy's .
v . :

-

. B et e




crystals are these llttle blacklsh purple bits that are on the
piece of paper ‘béside - ‘you. You might like to have a qulck«glance*
‘at those: ... you have got quite a number of little. bits therel...
alright? ... How many people have seen that sort of thing before?
¢ ... 0.K. you used them last year or someth1ng.~ N0w, whHat we are, .
] . going to do is get’ two beakers fill one with':cold water/an flll th///.ﬁ
. '~ other with hot water and then drop a Condy's crystal into each L
of them ... alrlght? (turns to look at blackboard wh1ch ‘has the’ ; .
-method ‘summarized, see below) .then after you -have dropped them ;
.- in I want you to look very carefully at what's. happenlng‘in thereku"’
'because later on you are going. to have to. answer some questlons.
"The questions-are,. this one here (referlng to blackboard notes)
“en what happens to the Condy's crystal in each beaker to. start
with and then after a wh11e° ... O.K. ... Yes,'Mahoney "

‘ Mahoneyj ""How much water do you put in' the beakers?"

Teacher: "Well I think if you fill it pretty well up ... say (holdlng up a
beaker) ‘up. to the level where it has got 200 or something like
that, I tried to draw it up there (on blackboard) I thought that
might help ... didn't. you."

& v . -’

Blackboard Instructions and Information

INVESTIGATING THE BEHAVIOUR OF PARTICLES

Hot

Method -

Make sure the water has settled. h .
Drop a large crystal into each beaker.
Wateh carefully. / . '
What happens to the Condy's in each beaker
(a) to start with :
"(b)‘ after a while.

ARy

) Questlon,

" what do you thlnk was the most llkely cause of the different -
results?

\

-

Draw‘ -ﬂ;‘

“A diacrgm‘of the two beakers showing what they looked like
o after a while. ,

Copy and Complete these Sentences

I think partlcles in water (can cannot) move about.
These particles move (more eas1ly, not so eas1ly) if the T
water is hot. : 2 .

-
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_Teacher: "0. K. now thls is a question I am g01ng to ask you. to thlAk about

(cont.) (reads from blackboard). What do you think was the most likely
cause of the different results’ ... Now that'is sort of suggestlnq

ou might get some different results, we'll. have to wait and see’

So ‘'while you are doing this, you be ‘thinking about- what 'is happenlng
and\how you think it is happening. Let's see if we can get underway
0.K. ... .alright? You've got the water in the big beakers in (the -
centre of) each of the desks. “Each group do thls, you are‘to work
~in palrs. You can talk of course while 'you ‘are.doing this ... dlSCUSS -
what you are going to do and who's going. to do what ... h0w you are
. going to do it and let' s get under way ... If you need any help call

. - out "o : : .

! . ' (The chlldren begln to set up the experlment, Mahoney has- trouble
w1th the beakér of hot water, it' s\ too hot to ‘'hold! However, after
a few initial problems the Condy's crystals are added to the beakers)

Teacher: "Remember the instructions are on the board if you are unsure of things}ﬂ
(Mahoney and Jenny look at their beakers and thén, after a.short r
while swing around to see what other groups are up to. The boys
in the next group check briefly on Mahoney's beaker)

S\\ Téacher: (to boys in group next_to-Mahoney) "How's it going S all rigﬁt?"
Ross:  "Yep." ) ' » ‘ ' ‘ . o
Teacher: "Good (looks closely at their beakers) ..E how.many did you.drop ..
: : 1n there’" : . . o )
Robert: "I actually put two in there."

Teacher: "You put two in there' (moving on)"
N

"\ (al1 pupils discuss among themselves'What is happening)

TN . \

Teacher \\"Remember you've got certaln thlngs that you are expected to do
o~ 'oh‘... so while you are watchlng what is g01ng on I hope you are

d01ng some thinking." .

(Camera returns to blackboard, introducer reads) - " : . rf

N,

\\

QuestioS\\ ‘ )
what' do you\tfink was the most likely cause of ‘the difﬁerent results?

Draw

A diagram of the two beakers show1ng what they " looked llke after
~a while. . SN

CE—g

. o Copy and’ complete these sentences ,.\' - ; ' . e

I think part1cles in water (can cannot) move about : o

These particles move (more” easlly,not so. ess1ly) "if the water is hot.
. A}

/ | | &




(Camera returns to class

The puplls take some 10 minutes to record their answers. - Then
pup11s were-asked to state to the class what they had seen
happen I replles includeqd ' : B :

Teacher: 'You' ve,got somethlng differen

Tracy: . "On it's way'down it left a trai
S ' the hot water and when it hlt the bottom it 1nstantly started
/ . < to spread out."
Teacher; "Was that in both of them ... or jusk in one_of them?" - X
Tracy: "That was"in the one I had ... the hot water."_
) Teacher: "what about in the cold water?"
Paula: (Tracy's partner) "Well, I dropped it in\and it sat on the

bottom for a while and then it started to dissolve."

Teacher: ."I see ... so you had to wait too ... so you did the hot one
' _(to Tracy who nods) and you did the cold one (to. Wendy who
alss nods) ... oh I seel" '

Mahoneyé "I found out’ that even though the ... ah .en Condy s crystal in
. : the hot water spread out more the crystal was Stlll in the. i
‘. T bottom." -

Teacher: '"The crystal 'is still in the bottom."

* ° Mahoney: "Mm, same as the cold one."
The lesson moves on to discuss the copy and complete sentences.
H 4
Teacher: "0.K. well\let s go 60wn ‘to the’ sentences that you completed.

: Guess thése\are some of the things'that- you have been thinking
-about ... I ‘hope. I think particles in water can/cannot move
about? -(rea 1ng question from blackboard) What did you write
down for that ... ah 1let me see ... Robbie, what did you write
down?" - . ‘\ : e

!

_'Robble: - "I _think part1cles ... can move. about "

Teacher: . "Can move: agout ... Q.K. ... anybody think anythlng dlfferent ' o
' ' from that’ ... you did Tracy?", :

“ Tracy: "I thought they .did move about- but not as the same thlng, sort
' T " of as a liquid as 1t dlssolved "

" Teacher: "..- not as the same thing, sort of as a lquld .en that s
interesting isn't it ... well what about this pne (second questlon
on -blackboard), these particiles move more eas1ly /not so easily.

" -if the water is hot? .., What did you choose there ... who's -
got a choice there? ... Mahoney, what did you choose?" '

<, ' Mahoney: "More easily." )
- ~ Teacher: ‘"More easily. ... did arnfyone say .i. who said more easily? .
' ' (with one exceptlon all pupils raise their hands) Wwho said
not so easily? (Therese raisés her -hand)
- The general concensus that part1cles can move .and -the majorlty\zlew
that they move more ea51ly if the water is hot suggésts that pupils' thlnklng

in relation to the particles is close to the thinking of the teacher. However,

Qo do these responses really tell us how chlldren are thlnklng what 1s happenlng
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. CHILDREN'S VIEWS

- ' . Let us 1nvest1gate what these chlldren, as & result of the typlcal
“lesson experdence, now thlnk abodt what happens when a crystal dlssolves
’1n water. .We confront these chlldren w1th the three views dlspussed\
earlier. - ‘The pup11 1, pupil 2 and pupil 3 views descrlbed before are’

here labelled (a), (b) and (c) respectlvely.

“r

Views written on blackboard . -

v

“(a) ‘The Condy's crystal sinks te the bottom and the purple
) colouring in it is slowly squeezed out by water
pressure, -

(b) Purple partlcles of Condy's crystal go 1nto the water
as the crystal breaks up making the water:look purple

(c) Particles of Condy's crystal go into the water and -
allow the purple colouring to escape from inside the
B crystal into the water. g :

oo,
) . ) : N . . . .
Teacher: "How many people hayL an idea that is like person --); .., Put -
your hand up 1f you've got an idea like person (a) ... one of
‘ you."
- -Theresa: "There's two."
. . T , .
Samantha: "Oh, me too." ‘ o A w

Teacher: "Oh, yoﬁ've got that idea too “... good, two of you. 0.K. ...

what about (b)? ... The person who had (b)'s idea and it's

now like yours ... (b), one, two, three, four, five, six”...

and how many people have 'got (c)? ... one, two, three, four of
- you.

This spread of responses is not unusual for children of this age )
suggesting that the typical lesson experience has had little impact on

these children think about particles.
f

ALTERNATIVE LESSON "\ . o .

-

As we have seen from the previous lesson we sometimes make invalid

assnmptions‘abedtkchildrenﬁsfideas:"Thfsfean;jeopardiéehaﬁrnahanées of
acquiring theé main ideas that wefareftrying to teach. Whaf can we do
about this? : i + ' ‘




Let'us now consider an activity in .which children first drop a single
crystal inté water and through a worksheet get to discuss their ideas aboutﬂ

what they think is occurring;'an activity which could: lead to a discussior™ ]

-

of the three &hildren s views that we have seen 1nfluences their thinking.

In. this alternative approach children would first drop a crystal into

a beaker of water and observe what happens After a while, the»v1ews;

’

children have about this could be discussed. All views; including ‘those
‘children hold. about colouring being 1ndependent of the crystal structure
could then: be listed on the blackboard Let us 1magine that this alternative

lesson has reachedvthis»point.
Teacher + "Has' anybody’ got any thoughts about how we might carry out a’

little investigation that could tell us something about the

problem ... Is it that purple colouring is coming .out: to make

the water look purple, or is it thé crystal that.is actually . -
made up of purple particles and that they're spreading out '
through the water and making the water look purple?” ¢

Therese: "You could put this thing on ,the paper, crystal on -the. paper
’ and put it in the water and see after a while if it is purple
and if it's gone.or still there."

By further guestioning it is established that Therese is suggesting'

. that the observationfof a-crystal-that has been: in water for a short time
~ would clarify thingsﬁ The teacher suggests that a c0mparison of one crystal .

dropped 1n the water for a- time, with a similar crystal left on the‘ﬁench

might improve Therese s experiment.
Therese: “And it (the crystal in the water) mlght be a little white dot -
or might be just the same size."

‘Teacher: "Right, I think that's a good idea Therese. If we could leave
" them there for a while ... get it out and have a look at it. ,
If it has gone clear then it would seem perhaps that the purple .
is in fact a colouring that has come out of the crystal . But L
if the crystal is still purple and if it is smaller, that might . (——\a

- suggest to us ... what? ... Wayne."

Q

Wayne: "That the particles, small, small particles are being broken\\»sg
: away within the water.” . '

Teacher: "Yeah, and what about those patrticles? ... someone down ...?"

Tracy: They're purple.”" . -

Teacher: "They're purple ... Shall we try and do that and see what happens ... ;
0.K.? ... So take one of your crystals and drop it into the water ces 7
all right ... have a loock and see what's going on."

9
!

at
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Let's move on to the |class discussion. [

Teacher: "What can you tell us about what 's happened? ... What happened
in your group, let's see ... Paula’"

Paula: "The Condy's crystal that we put in the water, it's got smaller
but it is still ‘the same colour."

- Teacher; "0.K. What about the other group that have managed to do thlS
’ : .successfully’" 5

‘Robert: "Same thing."
Mahoney: "It' s got smaller, and then- 1t's all dried up."

Teacher: "And now it's all dried up ... would you say it was the same
- .colour or a different’ colour than what it."

- Mahoney: '"Same colour." ' ' -7 o -
Teacher: "Same colour ... Samantha?"
Samantha: "Yeah, ours got smaller but it's 'still the same colour."

‘Teacher: "O.K. So, it looks as though at least four people who were able
to get it (the crystal) out without it breaklng are telling us
] the same thing ... all right? ... the crystal's the same colour
. : but it's smaller." -

A Pupil: "Yeah."

Teacher: "What do you reckon that means as far as our thinking about what's
happening inside the beaker ... to the crystal.... Now let's
ask Therese because she had a different view before. She was one"
. ) of theée people who thought that initially the<colour was ‘coming
~ out n..\and then after the colour had come out the- ‘crystal would
' break doyn and the particles of the crystal would go .into the
- water ..l What do you think now Therese?

Therese: "I think that I think that ... C S _
" [inaudible] ... : ... I think ... -the purple’ stuff
is the actual crystal "

Teacher: "You think the purple stuff is the actual crystal. ... who could
put that in another way? Perhaps a way“which is. similar to "how
these people last -year talked (pupil (a), (b) and (c)) ... Tracy?" .

Tracy: "The Condy s crystal. when it's put in the water, the llttle bits
of crystal are breaking off and going 1nt0 the water to make it
smaller."

Teacher: "To make it smaller.”

On completion of ‘this activity and discussiou children's views were.

resurveyed. Ten of the twelve pupils were found to have.the scientific view. |

Although there are still two chlldren w1th1n the class with'a view

'

of wh?t happens when a crystal is dropped into water that is dlfferent from

U
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from that of the scientist. The class Would now seem better placed to
appreciate the significance of the different rates of colouration, in

the hot and cold beakers and relate what th y see to the behaviour of

1)

particles. NG

P

The hot and cold beaker actlzitz££ﬁcld perhaps now seem better placed . rf

to contrlbute towards thevhevelopment of a particle model for matter.
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